Abstract-An on-demand route discovery method in mobile ad hoc networks (MANET) uses simple flooding method, whereas a mobile node blindly rebroadcasts received route request (RREQ) packets until a route to a particular destination is established. Thus, this leads to broadcast storm problem. This paper presents a novel algorithm for broadcasting scheme in wireless ad hoc networks using a fuzzy logic system at each node to determine its capability to broadcast route request packets, based on the node location. Our simulation analysis shows a significant improvement in performance in terms of routing overhead, MAC collisions and end-to-end delay while still achieving a good throughput compared to the traditional AODV.
INTRODUCTION
Traditionally, broadcasting means sending a message from one given node (the source station) to all the nodes in the network. In a (multi-hop) decentralized network, the broadcasted data has to be relayed by intermediate nodes in such a way that the entire network graph is spanned. In MANET, simplistic broadcast schemes result in network with redundancy, contention, and collision which is often called 'Broadcast Storm Problem'. This can prevent broadcasts from achieving the objectives of optimal delivery ratio, energy balancing, and latency.
The main objective of a broadcasting scheme is to avoid broadcast storm problems and to provide good network performance and scalability. Therefore, a route discovery technique that can guarantee an efficient utilization of the limited system resources while achieving acceptable levels of other important performance metrics such as throughput and end-to-end delay is highly desirable. Till date, research on efficient broadcasting schemes in mobile ad-hoc networks has proceeded along two main schemes:
A. Deterministic Schemes B. Probabilistic Schemes
Deterministic Schemes use network topological information to build a virtual backbone that covers all the nodes in the network. In order to build a virtual backbone, nodes exchange information, typically about their immediate or two hop neighbors. This results in a large overhead in terms of time and message complexity for building and maintaining the backbone, especially in the presence of mobility.
Probabilistic Schemes, however, rebuild a backbone from scratch during each broadcast. Nodes make instantaneous local decisions about whether to broadcast a message or not using information derived only from overheard broadcast messages. These schemes incur a smaller overhead and demonstrate superior adaptability in changing environments when compared to deterministic schemes [1, 2, 4, 17] .
The rest of the paper is organized as follows. Section II presents related work on some route discovery techniques. Section III presents analysis of node location, while section IV gives an introduction of fuzzy logic based distance route discovery method. Section V and VI gives simulation parameter, conducts a comparison and performance evaluation of the proposed route discovery methods. Finally, Section VII concludes the study and scope of future research work.
II. RELATED WORK
One of the earliest broadcast mechanisms in both wired and wireless networks is flooding, where every node in the network retransmits a message to its neighbors upon receiving it for the first time. Although flooding is simple and easy to implement, it can be costly in terms of network performance, and may lead to a serious problem, often known as the broadcast storm problem [4, 5, 7] . The broadcast problem is then characterized by high redundant message retransmissions, network bandwidth contention, and collision. Ni [4] have studied the flooding protocol and the results obtained have shown that rebroadcast could provide at most 61% additional coverage and only 41% additional coverage in average over that already covered by the previous broadcast. As a result, they have concluded that rebroadcasts are very costly and should be used with caution.
Probabilistic broadcasting is one of the simplest and most efficient broadcast techniques that have been suggested [6] in the literature. The advantage of probabilistic broadcasting over the other proposed broadcast methods [6, 12 and 13] is its simplicity. However, studies [6, 11] have shown that although probabilistic broadcast schemes can significantly reduce the degrading effects of the broadcast storm problem [6] , they suffer from poor reachability, especially in a sparse network topology. In this approach each intermediate node rebroadcasts received packets only with a predetermined forwarding probability. Clearly, the appropriate choice of the forwarding probability determines the effectiveness of this technique. www.ijacsa.thesai.org Most probabilistic broadcast approaches that have been proposed in the literature [6, 8 and 11] have considered a fixed forwarding probability at each intermediate node. This could lead to most nodes not receiving the broadcast packet when the forwarding probability is set too low or more redundant transmissions if the probability is set too high, as discussed in [9, 10] . One of the causes for this stems from the fact that every node in the network has the same probability of rebroadcast, regardless of its local topological characteristics, such as neighboring node location. In a dense network multiple nodes may share similar transmission coverage. Therefore, if some nodes, randomly, do not forward the broadcast packet, these could save resources without degrading the delivery effectiveness. On the other hand, in a sparse network, there is much less shared coverage; thus some nodes might not receive the broadcast packet unless the rebroadcast probability is set high enough. Consequently, the rebroadcast probability should be set differently from one node to another according to their local topological characteristics.
The author in [15] introduces the concept of distance into the counter based scheme, in which nodes closer to the border of source has been given higher rebroadcast probability since they create better expected additional coverage area [6] . Distance threshold is taken to distinguish between interior and border nodes. Two distinct random assessment delays are applied to the border and interior nodes, with border nodes having shorter random assessment delay than the interior nodes.
This paper proposes a new route discovery algorithm that utilizes probabilistic broadcast methods using fuzzy logic to disseminate the RREQ packets. To evaluate the new route discovery methods we have considered using the AODV [14] routing algorithm and have compared the performance of fuzzy logic based broadcasting with the Distance-Aware Counter-Based Broadcast Scheme [15] . Our results reveal that equipping AODV [14] with the new fuzzy logic based probabilistic route discovery methods help to reduce the overall routing overhead while achieving good network throughput with improved end-to-end delay when compared to the traditional AODV [14] and [15] .
I. Analysis Of Node Location
In Mobile ad hoc networks node location is one of the most important aspects in broadcasting. Each node has its transmission range within which its neighbor can receive broadcasting information [16] . Consider a simple scenario in figure below This shows that 61% of additional coverage can be provided over that already covered by the previous transmission [6] .
And when d< r that is B is located in As' transmission range, then the average value can be obtained by integrating the above value over the circle of radius x centered at A for x in [0,r]
So now a broadcast can cover only additional 41% area in average. Now, by considering the expected additional coverage area of a node, different broadcasting probability can be set for nodes with d=r [border nodes] and d<r [interior nodes]. In order to distinguish these two types of node we introduce Dth [distance threshold] =200 when R[transmission radius] =250 . To calculate P, we need the relative distance between nodes between nodes A and B then Pi=( ) × 100
When n=0 the scheme is simple flooding, if n=1, the scheme broadcast with Pi if it receives the packet for first time, otherwise discard the packet. Now when n>1, Pi increases exponentially, it makes retransmit nodes concentrate towards the border of source nodes coverage area, which results in the increasing of the EAC area of next hop and less rebroadcasts. The concentration increases with n values. The larger n is selected, the more concentration of retransmission nodes to the border. The value of n is selected based on the network densities. Now varying the value of n from 0,1 and >1 and see the effect on the redundant area. 
When n=1 the probability scheme broadcast with Pi
The total area can be calculated as:
Total redundant area can be calculated as:-
Since Lij < R, the distance between two connecting nodes will not exceed the transmission radius. So we can conclude that from equation 3 and 5 mπ > ∑ That is > this means the total redundant area of fixed probability is smaller than simple flooding. Similarly when n>1, total area can be calculated Hence the redundant area is reduced by broadcasting with a probability value based on the node location. By considering the above analysis we conclude that border nodes should have higher probability value.
III. FUZZY LOGIC-BASED DISTANCE BROADCASTING SCHEME
A probabilistic route discovery approach can be developed which can further reduce the route discovery overhead by exploiting the problem solving control system methodology that is fuzzy logic. The Fuzzy Logic algorithm is illuminated by the powerful capability of fuzzy logic system to handle uncertainty and ambiguity. Fuzzy logic system is well known as model free. Their membership functions are not based on statistical distributions. In this paper, we apply fuzzy logic system to optimize the broadcasting scheme in AODV based on the node location. The main goal is designing the algorithm to use Fuzzy Logic Systems so as to avoid the broadcast storm problem.
For the inference process we use Mamdani's method. Mamdani's method is most commonly used in applications. There are four steps to get the crisp value from the FIS system.
1) The first step is to evaluate the antecedent for each rule.
2) The second step is to obtain each rule's conclusion.
3) The third step is to aggregate conclusions.
4) The fourth and last is defuzzification
The defuzzified output is then given as input into probability broadcasting of the AODV RREQ module. In this work fuzzy logic is embedded in Qualnet so as to have performance analysis of a dynamic nature.
B. Fuzzy Logic Controller
Fuzzy logic control is derived from fuzzy set theory introduced by Zadeh in 1965. The Fuzzy Logic Controller (FLC) shows a better performance than conventional controllers in the form of increased robustness. Fuzzy Control is based upon practical application knowledge represented by so called linguistic rule based, rather than by analytical (either empirical or theoretical) models. Fuzzy Control can be used when there is an expertise that can be expressed in its formalism. Other advantages of FLC are:
1) It can work with less precise inputs.
2) It does not need fast processors. 3) It needs less data storage in the form of membership functions and rules than conventional look up table for nonlinear controllers.

C. Fuzzification
Fuzzy logic uses linguistic variables instead of numerical variables. The process of converting a numerical variable (real number or crisp variable) into a linguistic variable (fuzzy number) is called fuzzification.
The simplest form of membership function is triangular membership function and it is used here as the reference. To determine the broadcasting probability value, one input function transforms the system inputs into fuzzy sets which is node location. Table I below shows the membership value for the input node location and figure 3 shows the input Membership Function. Applications, Vol. 3, No. 9, 2012 127 | P a g e www.ijacsa.thesai.org The output function is composed of four membership functions as seen in figure 4 . Table II gives the output functions. 
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D. Rule base table and inference engine
The rules are in the format -"If else. Then, the if "part" of a rule is called the rule-antecedent and is a description of a process state in terms of a logical combination of atomic fuzzy propositions. The "then" part of the rule is called the rule consequent and is a description of the control output in terms of logical combinations of fuzzy propositions. In our system, we have 4 rules in the fuzzy inference. The form of the rules is: IF A, THEN C. The A and C represent node location and probability respectively.
E. Defuzzification
The reverse of fuzzification is called defuzzification. The use of FLC inference engine produces required output in a linguistic form. After aggregating the conclusions obtained by each rule, a defuzzification method is still needed to get the crisp value. One of the most popular defuzzification methods is the Centroid, which returns the center of the area under the fuzzy set obtained aggregating conclusions. The Centroid is shown in figure 5 . Qualnet is a discrete event simulator used in the simulation of mobile ad-hoc networks. To evaluate the performance of the proposed scheme for route discovery algorithms, the implementation of the AODV routing protocol in the qualnet simulator has been modified and fuzzy logic control has been embedded so as to efficiently execute the proposed algorithm.
The simulation parameters that have been used in our experiments are stated in table III. 
V. RESULT AND ANALYSIS
The analysis and comparison is done by considering two different settings, each designed to assess the impact of a particular network condition on the performance of the protocol.
Firstly, the impact of network density or size is assessed by deploying 25, 50, 75 and 100 mobile nodes over a fixed network size of 1000 by 1000 square meters. The second setting investigates the effects of offered traffic load on the performance of the routing protocols by varying the number of source destination pairs over the range of 5, 10, 15, 20 and 25 flows for each simulation scenario. Figure 6 , 7 and 8 shows the performance of AODV, DACBB and FPBB in terms of network throughput, saved rebroadcast and reachability versus network density. As shown, in the figures, the network throughput, saved rebroadcast and reachability generated by FPBB increases almost linearly as the network density increases. www.ijacsa.thesai.org This is because when the number of flows is increased, the number of nodes initiating route discovery operation is also increased. As a consequence, more RREQ packets are generated and transmitted which leads to a high consumption of the communication bandwidth. This phenomenon leads to a fewer number of data packets delivered at the destinations, there by degrading the network throughput. Figure 9 shows the superiority of the FPBB over the traditional AODV and DACBB becomes more noticeable in the case of high offered load (e.g. 25 flows). At offered load of 25 flows, the network throughput is increased by around 9.24 and 5.09 percent respectively, when compared against the AODV and DACBB. The difference in the achieved network throughput is due to the reduction of the number of nodes involved in the dissemination of RREQ packets in congested networks, leading to a reduction of routing overhead and packet collisions. As a consequence more communication bandwidth is freed for data transmission.
The FBPP has the least number of rebroadcast for almost all traffic loads. We vary the traffic load by using different number of CBR source-destination connections. Figure 10 shows that as the number of connection increases the rebroadcast is saved more. Whereas when the number of CBR connection increases figure 11 shows that reachability also increases linearly with the increase in traffic load. 
VI. CONCLUSION AND FUTURE SCOPE
This paper has evaluated the performance of fuzzy logic based distance broadcasting scheme with distance aware counter based broadcast. The present work brings out the potential advantages of applying Fuzzy Logic Control technique for generating dynamic probability value based on the node location. Fuzzy Logic Control can therefore be an effective strategy for generating varying probability value for broadcasting in MANET.
The simulation results revealed that the proposed algorithm generates much higher throughput and saved rebroadcast. The results have also shown that the degradation of the number of RREQ packet initiated and forwarded in dense network has significantly reduced. Though the analysis in this paper has been very crude, but this clearly depicts the advantage of adding the fuzzy logic controller in the conventional probabilistic broadcasting scheme. The results tend to be more broadcasting efficient. The comparisons show the superiority of Fuzzy Logic Control scheme over the smart probabilistic broadcasting schemes. As a continuation of this research work in near future, we plan to further explore the performance of the fuzzy logic based Probabilistic-AODV [FPBB] using on-demand routing protocols such as DSR. The fuzzy logic based Probabilistic-AODV [FPBB] can also be used to examine the effect on the routing table advertisements in proactive routing protocols, such as OLSR, and ZRP.
We can further explore the fuzzy logic based Probabilistic-AODV [FPBB] with varying mobility model. In the present work random waypoint mobility model is used , other model such as community based mobility model, gauss mobility model , manhattan mobility model and others can be used to study the effect on the performance of the algorithm.
